Airway management has remained the overriding concern for an anesthesiologist managing an obese patient. Rapidly changing patient demographics are posing newer challenges worldwide. These are unique, for they are not just anatomical but also functional. The role of body mass index (BMI) as a predictor of difficult airway has remained controversial.
Material and Methods
Institutional Ethics Committee approval (October 2017) and written informed consent from all subjects or their legal surrogate was obtained. The study was approved and registered after collection of data. We performed this retrospective analysis of patient's records; 834 consecutive, adult patients with BMI >35 kg/m 2 who underwent laparoscopic bariatric surgery at our center between 2013 and 2015 were enrolled. Patient files and electronic records were analyzed to identify demographics and comorbidities.
Patients with a documented history suggestive of gastroesophageal reflux, pregnancy, limited mouth opening cervical instability, and any severe cardiac or severe pulmonary disease, and any missing reports of mask ventilation (MV) and difficult intubation (DI) were excluded from the study. Our standard records include detailed information concerning MV and intubation difficulty, as assessed by a group of three experienced anesthesiologists. We followed the grading as per Table 1 .
The details of techniques and tools (bougie, supra glottic device, video laryngoscope, Aintree catheter) used to manage patients were obtained from patient records filled by anesthesiologist during anesthetic management. Our records contain all information regarding the grading and other airway-related details; the same parameters are graded as per Tables 1 and 2 . The determinants of airway difficulty were consolidated into a single number, called the difficult airway score (DASc) as shown in Table 1 ; the primary variable was DASc and the secondary variable was SAT. The preoperative parameters such as neck circumference (NC), BMI, STOPBANG score, Mallampati score (MPS), obstructive sleep apnea (OSA) grade, and waist circumference (WC) were identified as possible determinants of airway difficulty. All patients were screened using STOPBANG score, which is a clinical scoring system with high correlation with polysomnography. [7] Information on the preoperative parameters (identified from published literatures) [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] was obtained from the chart filled by the anesthesiologist at the time of initial interaction and during induction of anesthesia [ Table 2 ]. Entire airway management was executed on the ramp (rapid airway management position or the head elevated laryngoscopy position) on the operation theater table using scale-ampule assembly to keep the tragus and manubrium sterni in line. [17] [18] [19] Anesthesia plan and details of airway management at our previously published article. [10, 11] The same was also documented in patient's anesthesia records. The parameters deduced from records were assorted as per Table 1 . DASc was graded from 0 (no difficulty) to 12 (serious difficulty).
The ease of calculation, a DASc value of 6 was taken as cut-off value. DASc <6 was considered a manageable airway, whereas DASc ≥6 was taken as indication of a difficult airway.
As a standard protocol, hypoxia was defined as SpO 2 of <90%, and time elapsed between onset of apnea to SpO 2 90% was taken as the SAT. MV was reinstituted when SpO 2 dropped to 90%. In patients with no difficulty in intubation, the tube was left in situ and time to achieve SpO 2 90% was noted. This was followed by resumption of mechanical ventilation. The time to achieve an SpO 2 of 100% was recorded as the recovery period. Minimum SpO 2 was also documented.
This article adheres to the applicable Equator guidelines.
Statistical analysis
Statistical analysis was performed using SPSS 20. Values for preoperative variables were reported as mean standard deviation (SD) for continuous variables and frequency (percentage) for categorical variables. To compare patients with DASc <6 and ≥6, Student's t-test was performed for quantitative variables and Chi-square test for categorical variables. Levene's test was selected for equality of variances; in cases where the variance was found to be unequal, Welch's test was applied. Preoperative quantitative factors such as BMI and NC were divided into two categories at optimal cut-off obtained by Youden index after receiver operating characteristic (ROC) curve analysis for DASc categories. An area of (0.5 <area >0.8) under the ROC curve was considered significant. Simple linear regression was done for exploring relationship between preoperative and quantitative measurements with actual DASc score without categories. Preoperative categorical factors were analyzed with analysis of variance (ANOVA) for DASc score. Tukey's test was used to locate the group with statistical significance. A P value <0.05 was considered statistically significant. DASc was divided 
Not visualized
DASc varies from 0 (no difficulty) to 12 (serious difficulty); score 6 being at midpoint was taken as cut-off; DASc <6 is manageable airway, DASc ≥6 is indication of difficult airway; MV: 1 when one anesthesiologist can mask ventilate unassisted,
MV: 2 one anesthesiologist protrudes and holds the jaw and the other one holds mask and ventilates; MV: 3 when one additional anesthesiologist to ventilate; MV: 3P indicates mask ventilation facilitated by a supraglottic device; MV: Mask ventilation; CL: Cormach and Lehanne grading; SGD_AIC indicates intubation facilitated by supraglottic device and Aintree catheter
as <6 and ≥6 and logistic regression was performed on all the preoperative factors to find which, if any, is a significant contributor. Adjusted odds ratios and their confidence intervals were computed. ROC curve was done only for those factors that were significant in multivariable analysis.
The power of the study for mean difference and SD between subjects with DASc <6 and DASc ≥6 is nearly 100%.
Results
A total of 834 adult patients undergoing laparoscopic bariatric surgery were included in the study. Patient characteristics are as shown in Table 2 . Based on univariate regression analysis of preoperative parameters, BMI, WC, NC, MPS, STOPBANG, and OSA were found to have statistically significant effect on DASc (P < 0.001) [ Table 3 ]. Furthermore, the STOPBANG score was directly related to DASc [ Figure 1a ]. Tukey's test revealed that severe OSA group had a significantly different mean DASc; P < 0.001. However, mild and moderate OSA groups did not have a statistically significant effect on DASc; P > 0.05. The prevalence of severe OSA was found to be 50% in this cohort.
The mean DASc changed significantly (P = 0.001) as MPS increased from grade 1 to grade IV. However, it lost its statistical significance for DASc ≥6 when all preoperative parameters were analyzed together. Gender, age, and the group "others" were not found to have statistically significant influence on DASc in the univariate setup.
ROC curve was run for the preoperative quantitative factors to evaluate the predictive model of DASc (with DASc <6 and ≥6). Factors BMI and NC were identified as significantly contributing to DASc. The area under the curve for BMI = 0.63; confidence interval (CI) 0.58-0.68; P < 0.001 and for NC was 0.64; CI 0.59-0.69; P < 0.001. The Yuoden index (for the best threshold, with highest sensitivity and specificity) was found to be 45 kg/m 2 for BMI and 44.5 cm for NC.
The univariate analysis of our study also demonstrated WC to have possible association with DASc, which could be due to probable association of WC with OSA. [18, 19] When all preoperative factors were considered together in ANOVA setup, only NC was found to have significant (P < 0.001) effect on mean DASc, and others became not significant [ Table 3 ].
The mean SAT (256 ± 6 s) was found to significantly decrease (P < 0.001) with increasing DASc, whereas the recovery time (44 ± 5 s) and minimum SpO 2 (77 ± 7.7) had no association with DASc. The mean SAT (256 ± 6 s) was inversely related to DASc (P < 0.001) [ Figure 1b ].
Patient characteristics as per DASc category are depicted in Table 4 . When we ran the logistic regression (with DASc ε6 [7] Others: obvious determinants of airway difficulty including mandibular protrusion, beard and missing teeth, etc., "Others" was graded as I when none of these parameters is present, II when one, and III when two or more of these are present as dependent) for all factors considered together, only BMI and NC were statistically significant. The independent effect of age, WC, STOPBANG, gender, others, OSA, and MPS was not statistically significant [ Table 5 ]. BMI and NC were categorized into two categories each using the best cut-off obtained by ROC curve. The two identified predictors (BMI and NC) were high simultaneously in 33% of our cohort, and 22% of these patients had DASc ≥6 [ Tables 5 and 6 ]. The absence of both had an 81% negative predictive value to include a difficult airway, while the presence of both the factors had a positive predictive value of 55%. This further has sensitivity of 66% and specificity of 73%.
Discussion
The focus of this study was to identify predictors of a difficult airway in the obese surgical population. The key feature of our findings is that BMI and NC were identified as factors that could predict the DASc in the obese. Although these parameters are closely related, they may exist independently in several patients. We used DASc <6 and ≥6 as the cut-off for defining a clinically significant difficult airway. In the reported cohort, the incidence of DASc ≥6 in obese patients was 14.4%.
This analysis further highlights SAT as the functional aspect of a difficult airway. Although all recommended measures were incorporated in the anesthesia plan to prolong SAT, [19] [20] [21] [22] [23] [24] we found a statistically and clinically significant decrease in SAT, as DASc increased to more than 6 [ Figure 1b ]. Awareness of this association between SAT and DASc may be beneficial in planning intubation for some patients with definitive risk, such as the ones with gastroesophageal reflux or some in other emergency situations.
The close association of DASc and SAT further emphasizes that airway management in the obese is complex and planning must consider all risk factors including physiological challenges, in addition to considering the possibility of difficult MV or DI. Moreover, in view of low SAT and higher possibility of perioperative airway-related adverse events in obese patients, it is imperative that attention be paid to continuous oxygenation at all times. [20] [21] [22] [23] [24] [25] [26] Further clinical implication of this analysis is that patients who have high BMI and high NC have greater possibility of DASc ≥6 and are likely to desaturate more and have lower SAT in case of a problematic airway. The values obtained from our study for SAT are considerably lower than values highlighted in some previous studies. [26] [27] [28] [29] [30] [31] This could be attributed to variation in the methodology adopted for calculation. What needs to be further highlighted is that SAT for the obese in our cohort is much lower than SAT for lean patients. This further emphasizes that additional measures must be taken in routine airway management of the obese to prevent critical hypoxemia and to ensure continued oxygenation, more so in settings outside the operation theater. [31] [32] [33] Although previous investigators have identified age and gender as risk factors for a difficult airway, in our study we did not find age to be affecting the DASc. This could be because we consolidated multiple aspects of a difficult airway into one parameter.
The prevalence of undiagnosed OSA in the surgical population is high and has been suggested as an important factor in [7] contributing to perioperative adverse events. Given the high prevalence of OSA in our patients, all patients are screened using STOPBANG score, which is a clinical scoring system with high correlation with polysomnography. Moreover, OSA has emerged as one of the most significant preoperative parameters that might challenge airway-related adverse events. [6] Airway-related adverse events are higher in obese patients, more so in those with OSA. We aimed at identifying parameters that could be red flagged preoperatively, to allow suitable measures to be incorporated, to lessen possible perioperative hypoxemia and other airway-related adverse events. Since BMI and NC are important components of STOPBANG score, the latter can be used as a guide to plan airway strategies. [30] [31] [32] [33] [34] [35] [36] More studies will be required to corroborate the association between STOPBANG score and DASc.
Although MPS showed association with DASc from grades I to IV, it did not contribute to DASc ≥6, and when considered together with all other factors, it lost its significance.
Although BMI has remained debatable for its predictive value in difficult airway, it cannot be ruled out as a predictor of a difficult airway. Contrary to other studies, this analysis had BMI 45 kg/m 2 as cut-off; we found that a BMI <45 kg/m 2 had an 82% and NC <44.5 cm had 84% negative predictive value. As per this analysis, BMI can be emphasized as a relevant parameter to be noted while planning airway management. [35] [36] [37] [38] [39] Presence of both these predictors simultaneously in the same clinical setting has a greater predictive value (55%).
While comparing the results of this study to others, it should be borne in mind that every possible measure was taken to standardize the airway management and to prolong SAT as per current recommendations. Positioning on a ramp has a major role in enhancing laryngoscopy, facilitating MV and intubation, and prolonging SAT. [19] [20] [21] [22] [23] [24] Some of the previous reports on airway management in the obese have not clearly specified the position used, hence their results may not be comparable to our results. Previously published literature does not include the limited oxygen reserves while categorizing a difficult MV or a DI. Limited SAT is the physiological aspect of a difficult airway and can be possibly used to redefine a difficult airway.
This study demonstrates that BMI and NC have a strong association with DASc in obese patients. Each of these parameters (i.e., BMI ≥ 45kg/m 2 , NC ≥ 44.5cm) has the potential to predict a difficult airway in the obese, but the presence of both these in the same patient (positive predictive value of 55%) will increase the specificity (73%) of the predictive model. NC remains the single most important predictor.
In view of short SAT in the obese, particular attention must be paid to improve and maintain oxygenation at all times. These predictive parameters should be included in routine screening during preoperative and preprocedural assessment to better predict and plan the management of airway in the obese.
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Sensitivity=66% and specificity=73%
DASc: difficult airway score; BMI: body mass index; NC: neck circumference; BMI and NC categorized into two using the best cut-off obtained by ROC; Values have been rounded off to first decimal place
